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INTRODUCTION 

Production of s y n t h e t i c  l i q u i d  and gas f u e l s  i s  a p o t e n t i a l  means 
fo r  i nc reas ing  t h e  market fo r  c o a l .  The demand f o r  f u e l  i s  h igh  i n  the 
Eas and Midwest, but un fo r tuna te ly  most coa l s  i n  these  sec t ions  become 
s t i c k y  and agglomerate o r  cake when they a re  hea ted  through the  range 
of 300"-400" C .  I f  they could be made noncaking, they would be s u i t a b l e  
f o r  f lu id ized-bed  g a s i f i c a t i o n ,  hydrogenation, and ca rbon iza t ion .  

NathanL'destroyed t h e  caking  proper ty  of coa l  (10 t o  400 mesh) by pre- 
Channabasappai/treated coa l  of 88 to 98 t r e a t i n g  i t  i n  a i r  a t  316"-441" C. 

percent  through 100 mesh wi th  a i r  as  we l l  a s  o the r  gases a t  a temperature 
range of  200"-382" C .  Schmidti/decaked Pittsburgh-seam coal  of 0 t o  1 / 4 -  
inch s i z e  wi th  a i r  a t  99.3" C .  He a l s o  noted t h a t  t h e  agg lu t ina t ing  va lue  
of t he  coa l s  decreased as  the  ox ida t ion  of t h e  coa l s  i nc reased .  Mine$/ 
oxidized coa l  wi th  steam plus  a i r  a t  370"-430" C i n  the  f i r s t  s t age  of a 
carboniza t ion  process ,  and Williams?/treated coa l  (80 percent  through 1 / 8  
inch screen) wi th  an oxygen-containing gas a t  80°-3000 C .  

Pittsburgh-seam c o a l  i s  h igh ly  caking .  In e a r l i e r  work a t  t h e  Buread '  
i t  was made nonagglomerating, and with only s l i g h t  v a r i a t i o n  the  treatment 
was success fu l ly  app l i ed  t o  o the r  caking c o a l s .  In t h i s  previous work the  
caking  p r o p e r t y  of Pit tsburgh-seam coa l  was destroyed by t r e a t i n g  i t  i n  
both s t a t i&/and  f l u i d i z e d z / b e d s  wi th  steam plus  oxygen o r  a i r .  To extend 
t h i s  study t h e  p re sen t  program was t o  t r e a t  Pittsburgh-seam coa l  wi th  a i r  
on ly ,  t o  study t h e  e f f e c t  of ope ra t ing  v a r i a b l e s  such a s  mesh s i z e ,  tempera- 
t u r e ,  res idence  time and p res su re ,  and to  deduce the  changes t h a t  may take  
p lace  i n  t h e  c o a l  du r ing  t rea tment  by carboniz ing  the  t r e a t e d  c o a l .  

Decaking was cons idered  success fu l  i f  the  f ree-swel l ing  index (FSI) 
of t he  t r e a t e d  coa l  ( cha r )  d i d  n o t  exceed 1-1/2 and t h e  t r e a t e d  coa l  d i d  
not agglomerate when i t  was heated in a hydrogen atmosphere t o  900" C .  
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STATIC-BED EXPERIMENTATION AND RESULTS 

In t he  s t a t i c -bed  experiments f i n e  p a r t i c l e s  of Pit tsburgh-seam coa l  
were spread i n  100 x 50 m l  d i shes  t o  a 1/2-inch depth,  placed i n  a l a r g e  
d ry ing  oven, and hea ted  i n  a i r  t o  95°-1000 C .  To decake these  c o a l s ,  
u s ing  an PSI of 1 - 1 / 2  o r  less a s  i n d i c a t i n g  s a t i s f a c t o r y  decaking, r e -  
qu i red  about 16 hours t rea tment  under these  cond i t ions  f o r  150-200 m e s e '  
c o a l ,  24 hours f o r  100-150 mesh, and 50 hours  f o r  48-100 mesh ( f i g u r e  1 ) .  
A t  t h e  end of 64 hours t h e  18-48 mesh c o a l  had an FSI of 3-1/2. The oxygen 
content  of  a l l  c o a l s  increased  wi th  t i m y ;  wi th  the  f i n e r  coa l s  t h e  inc rease  
was more r a p i d .  The loss i n  v o l a t i l e  ma t t e r  averaged about 3 percentage 
po in t s  (a change from 40 percent  v o l a t i l e  ma t t e r  i n  the  raw t o  37 percent  i n  
the  t r e a t e d  c o a l ) .  About 6 months a f t e r  t h e  o r i g i n a l  da t a  were c o l l e c t e d ,  
a d d i t i o n a l  t e s t s  were m a d e  on d i f f e r e n t  batches of coa l  of 18-48 and 48-100 
mesh s i z e s .  These r e s u l t s  a r e  shown on f i g u r e  1 a s  l a r g e r  squares  and do t s .  
While the  l a t e r  d a t a  wi th  t h e  18-48 mesh c o a l s  c o r r e l a t e  wi th  t h e  e a r l i e r  
r e s u l t s ,  d a t a  from the  48-100 mesh s i z e  show some d i sc repanc ie s .  These 
r e s u l t s ,  al though no t  exac t  due t o  the  method of ope ra t ion ,  demonstrate 
t h a t  t r e a t i n g  f i n e  coa l  i n  a i r  a t  100' C w i l l  decake the  c o a l ,  bu t  a t  
l e a s t  16 hours time w i l l  be needed. These t e s t s  a l s o  i n d i c a t e  t h a t  i t  i s  
no t  s a f e  t o  assume t h a t  t h e r e  is  no change i n  the  p rope r t i e s  of f i n e  coa l  
d r i e d  i n  a i r  a t  t h i s  temperature.  

FLUIDIZED-BED EXPERIMENTATION AM) RESULTS 

Apparatus f o r  the  f lu id-bed  experiments is  shown i n  f i g u r e  2 .  The 
r e a c t o r  i s  a s t a i n l e s s  s t e e l  tube of 1-inch diameter wi th  an expanded 
s e c t i o n  of  2-inch diameter a t  t h e  top .  The 29-inch s e c t i o n  con ta in ing  
the  f l u i d i z e d  bed of  coa l  i s  hea ted  e l e c t r i c a l l y .  Thermocouples a r e  i n -  
s e r t e d  i n s i d e  a we l l  placed down through the  c e n t e r  of t he  r e a c t o r .  Raw 
coa l  from the  continuous feeder  i s  en t r a ined  i n  the  a i r  stream and c a r r i e d  
i n t o  the  bottom of the  r e a c t o r .  The oxygen i n  the  a i r  renders  t h e  c o a l  
noncaking a t  spec i f i ed  temperatures,  and the  t r e a t e d  c o a l  overflows i n t o  
a c o l l e c t i o n  v e s s e l .  Gases, t a r s ,  and dus t s  a r e  discharged from the  top  
of  t h e  r e a c t o r .  

Because t h e  he ight  of the  f l u i d i z e d  bed is  cons t an t ,  t h e  r a t e  t h a t  t h e  
coa l  i s  fed  determines t h e  res idence  time of t h e  coa l  i n  the  r e a c t o r .  Only 
40 minutes were requi red  t o  decake Pittsburgh-seam coa l  i n  the  f l u i d  bed a t  
200' C f o r  the  150-200 mesh s i z e  and 400" C f o r  t he  18-48 and 48-100 mesh 
s i z e  ( f igu re  3 ) .  The r e s u l t s  a r e  more r e l a t i v e  than abso lu te ,  but t h e  
t r ends  a r e  r e a l i s t i c .  The oxygen content  of t h e  c o a l s  reached a maximum 
between 300" and 400" C and was l e s s  a t  t he  h igher  tempera tures .  The 

- a /  A l l  mesh s i z e s  a r e  Tyler Standard Screen S e r i e s .  
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t emperature  a t  which i t  reached a maximum depended on t h e  mesh s i z e .  A s  
the  temperature was r a i s e d  t o  300" C ,  the  v o l a t i l e - m a t t e r  conten t  decreased 
gradual ly ,  and then p r e c i p i t o u s l y  a t  h igher  temperatures .  The minimum l o s s  
i n  v o l a t i l e  mat ter  was about  3 percentage poin ts  a t  300" C .  4 

With the same 40-minute res idence  t i m e  t h e  150-200 mesh c o a l  was 

! t r e a t e d  a t  p ressures  of  1, 2 ,  5 ,  and 10 atmospheres and 100" t o  450' C 
( f i g u r e  4 ) .  
a t  5 atmospheres i t  became noncaking a t  about 175" C ,  and a t  10 atmospheres 
t h e  c o a l  burned above 150' C .  A t  150' C t h e r e  was l i t t l e  change i n  the  F S I .  
The oxygen content  increased  a t  h igher  pressures ,  t h e  maximum being about 
13 percent  a t  2 atmospheres and 300" C .  

A t  a tmospheric  pressure  the  c o a l  became noncaking a t  200" C; 

i 

I 
The v o l a t i l e  m a t t e r  decreased a t  h igher  temperatures ,  but  t h e  change i n  

v o l a t i l e  mat ter  was i n s i g n i f i c a n t  a t  h igher  pressures .  The l e a s t  v o l a t i l e  
m a t t e r  was removed ( 3  percentage poin ts )  when t h e  c o a l  w a s  t r e a t e d  a t  200' C 
and atmospheric p r e s s u r e .  

i' 
\ 

Shortening t h e  r e s i d e n c e  t i m e  t o  20  minutes had l i t t l e  e f f e c t  on the  
v o l a t i l e  mat te r  and t h e  F S I  of the  t r e a t e d  coa l  ( f i g u r e  5) when compared wi th  
40 minutes ( f i g u r e  4 ) .  The amount of oxygen absorbed w a s  the  same as i n  t h e  
previous t e s t  a t  2 atmospheres and 300" C .  A s  t h e  same r e s u l t s  were obtained 
wi th  t h e  s h o r t e r  res idence  times, the  c o n t r o l l i n g  v a r i a b l e  seems t o  be tem- 
p e r a t u r e .  Residence t ime might be shortened even more, bu t  t h e  l i m i t  o f  
o p e r a b i l i t y  had been reached and t h e  c o a l  feed could n o t  be increased  t o  
make such a t e s t .  

Also  a t  t h e  20-minute res idence  t i m e  i t  w a s  p o s s i b l e  t o  cont inue  the  
t rea tment  at  5 atmospheres t o  400" C ,  whereas a t  t h e  40-minute res idence  
t i m e  the  coa l  burned u n c o n t r o l l a b l y  above 200' C .  Thus the  maximum oxygen 
content  o f  the  c o a l  became 1 7  percent .  Why c o a l  could be t r e a t e d  a t  higher  
temperature  wi th  s h o r t e r  r e s i d e n c e  time i s  not  c lear .  

These curves show t h a t  t h e  FSI  i s  s u b s t a n t i a l l y  independent of 
p r e s s u r e ,  but h i g h l y  dependent on coa l  s i z e .  More oxygen i s  absorbed 
by t h e  c o a l  a t  h igher  p r e s s u r e s  and no more v o l a t i l e  mat ter  i s  l o s t .  The 
decrease  i n  v o l a t i l e  matter is  pr imar i ly  a func t ion  of temperature, a t  
l e a s t  i n  the pressure  range up t o  10 atmospheres. Of course ,  when the  
pressure  i s  increased ,  t h e  a i r  flow must a l s o  be increased  t o  main ta in  
f l u i d i z a t i o n ;  however, t h e  oxygen/coal r a t i o  a t  t h e  d i f f e r e n t  pressures  
i n d i c a t e s  t h a t  p r e s s u r e  has  more e f f e c t  than a i r  flow. 

When t h e  tes ts  were made  a t  5 atmospheres, t w o  samples of  t r e a t e d  
c o a l  were taken a t  each temperature .  One sample w a s  evacuated t o  30 nun 
absolu te  pressure  t o  determine i f  oxygen taken up dur ing  t reatment  could 
be removed. Comparison wi th  t h e  nonevacuated sample showed t h a t  i t  could 
n o t .  Consequently t h e  a d d i t i o n a l  oxygen must have chemical ly  r e a c t e d  i n  
t h e  c o a l  t o  form a coal-oxygen complex. 
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CARBONIZATION TESTS: EXPERIMEmATION AND RESULTS 

Comparing t h e  r e s u l t s  of  low-temperature ca rbon iza t ion  of  c o a l  
f l u i d i z e d  in a i r  a t  230" C wi th  raw coa l  g ives  a c l u e  a s  t o  what changes 
t a k e  place i n  the  v o l a t i l e  ma t t e r  dur ing  t h e  a i r  t rea tment  ( t a b l e  . 
The carboniza t ion  u n i t  has  a charg ing  v e s s e l  a t  t he  top  ( f i g u r e  6)-. 

charg ing  vesse l  was opened t o  allow t h e  coa l  t o  drop i n t o  the  heated zone. 

3) 
' Afte r  t he  r e a c t o r  reached t h e  des i r ed  tempera ture ,  t h e  va lve  below the  

TABLE 1.- Batch ca rbon iza t ion  t e s t s  a t  538" C (l,OOOo F) 
and 427' C (800' F) a t  30-minute r e s idence  time 

Type of coa l  

Temperature, O C  

Gas a n a l y s i s ,  vo l -pc t  
H 2  
N 2  
co 
C H 4  
c 2+ 
co2 
HV 

Cubic f e e t  t a i l  gas 
per ton feed coa l  

11 Raw Treated- - 
538 

13 
0 
6 

53 
22 

6 
1060 

1100 

538 427 

10 2 
0 1 

16 19 
39 17  
13 9 
22 52 

750 410 

1600 400 

Sol ids  feed a n a l y s i s ,  
wt -pc t ,  MAF 

V o l a t i l e  ma t t e r  40.2 35.6 36.4 
Fixed carbon 59.8 64.4 63.6 
Hydrogen 5.6 4.8 4.9 
Carbon 83.6 80.1 80.3 
Nitrogen 2 .3  2 . 2  1 . 6  

Su l fu r  1 .9  1.8 2.0 
Oxygen 6.6 11.1 1 1 . 2  

- 1/ Made by f l u i d i z i n g  coa l  i n  a i r  a t  230' C f o r  30 minutes .  

Proximate a n a l y s i s  ( t a b l e  1) shows t h a t  t r e a t e d  and raw c o a l s  d i f f e r  
mainly i n  t h e i r  v o l a t i l e  m a t t e r  and oxygen con ten t ,  t he  t r e a t e d  coa l  con- 
t a i n i n g  the  more oxygen. The h igher  the  oxygen content  i n  the  feed ,  t he  
more carbon oxides i n  the  gas produced by ca rbon iza t ion  a t  538'--12 percent 
fo r  raw and 38 percent  f o r  t r e a t e d  c o a l .  The hea t ing  va lue  of t he  gas d e -  
c reased  a s  the  carbon oxide y i e l d  increased ,  dropping from 1,060 t o  750 Btu 
per cubic foot.51This observa t iog /on  carbon oxides is i n  agreement wi th  the  
d a t a  o f  Juntgen- and of  S c h m i d e  . 
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The q u a l i t y  of t he  v o l a t i l e  mat te r  d i f f e r s  f o r  raw and t r e a t e d  coa l .  
The t r e a t e d  c o a l  carbonized a t  427" C y ie lded  pr imar i ly  carbon oxides 
( t a b l e  l ) ,  i n d i c a t i n g  t h a t  t h e  a d d i t i o n a l  oxygenated compounds i n  the  
t r e a t e d  coa ls  a r e  r eac t ed  f a s t e r  than the  v o l a t i l e  mat te r  i n  the  raw c o a l .  
A t  538" C the percentage  of  carbon oxides i s  l e s s  because a f t e r  the  
supply of oxygenated compounds i s  dep le t ed ,  the  usua l  p y r o l i t i c  r eac t ions  
predominate. 

Table 1 g ives  t h e  v o l a t i l e  ma t t e r  of the  raw coa l  a s  40.2 percent  and 
t h a t  of the  t r e a t e d  c o a l  a s  3 5 . 6  percen t .  The l a r g e r  q u a n t i t i e s  of carbon 
oxides given o f f  du r ing  carboniza t ion  of t he  t r e a t e d  coa l  i n d i c a t e  t h a t  
i t s  v o l a t i l e  mat te r  has been supplemented by the  oxygenated compounds 
formed dur ing  t r ea tmen t .  

CONCLUSION 

Tes t s  show t h a t  Pit tsburgh-seam c o a l ,  a h ighly  caking  c o a l ,  can be 
made. nonagglomerating by hea t ing  i n  a i r  i n  a s t a t i c  bed a t  100" C f o r  about ,' 
16 hours (150-200 mesh) o r  5 0  hours (48-100 mesh). 

In a fluid-bed r e a c t o r  the  f i n e r  mesh coa l  (150-200 mesh) can be made 
noncaking in 40 minutes by t r e a t i n g  and f l u i d i z i n g  i t  wi th  a i r  a t  200" C .  
A s  t h e  temperature is  inc reased ,  more oxygen combines wi th  t h e  coa l  u n t i l  
a t  about 350" C (depending on t he  coa l  s i z e )  t h e  burning of t he  coa l  be- 
comes uncon t ro l l ab le .  The percentage of oxygen i n  the  coa l  increased  from 
about 8 percent i n  t h e  raw coa l  t o  a s  h igh  as  1 7  percent  when t h e  coa l  was 
t r e a t e d  a t  5 atmospheres p re s su re .  S a t i s f a c t o r y  decaking (as  ind ica ted  by 
an FSI of 1 - 1 / 2  o r  l e s s )  was obtained wi th  a v o l a t i l e  l o s s  of 3 percentage 
p o i n t s  (10 percent  o f  t h e  v o l a t i l e  m a t t e r ) .  

Carbonization t e s t s  i n d i c a t e  by the  g r e a t l y  increased  y i e l d  of 
carbon oxides from the  t r e a t e d  over t he  raw coa l  t h a t  a l a r g e  amount of 
oxygenated compounds i s  included i n  the  v o l a t i l e  ma t t e r  of t h e  t r e a t e d  c o a l .  
These a d d i t i o n a l  compounds had t o  come from the  t rea tment .  
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Fig. 2. -CONTINUOUS FLUIDIZED-BED COAL l"REATF3 
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Fig .  3.-EFFECT OF TEMPERATURE DURING AIR TREATMENT 
I N  A FLUID BED ON THE FSI  VOLATILE MATTER AND 
OXYGEN CONTENT OF CHARS OF PITTSBURGH-SEAM COAL. 
RESIDENCE TIME I S  ABOUI' 40 MINUTES. 
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TEMPERATURE, 'C 

Fig. 4.-EFFECT OF PRESSURE DURING AIR OXIDATION IN A 
FLUID BED OF PITTSBURGH-SEAM COAL (150-200 MESH) ON 
FSI , VOLATILE MATTER, AND OXYGEN CONTENT OF CHAR. 
RESIDENCE TIME IS 40 MINUTES. 
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TEMPERATURE, O C  I 

Fig. 5 .-EFFECT OF PRESSURE DURING A I R  OXIDATION- I N  A 
FLUID BED OF PITTSBURGH-SEAM COAL (150-200 MESH) ON 
FSI, VOLATILE MATTER, AND OXYGEN CONTENT OF CHAR. 
RESIDENCE T I M E  IS 20 MINUTES. 
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Fig. 6. -ONE-INCH REACTOR FOR CARBONIZATION TESTS 
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